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Background

n Climate change: an important research
focus

nMany studies but little validation
n Difficult to validate that which has not yet

occurred
n VEMAP Phase 2 as a unique opportunity: a

model intercomparison project as well as an
historical component



VEMAP Phase 2

n Vegetation/Ecosystem Modeling and
Analysis Project

n Investigated response of terrestrial
ecosystem models to changes in climate
over U.S.

n An historical period from 1895-1993

n Future scenarios from 1994-2100



Research Objectives – Part I

n Evaluate the performance of the VEMAP
models by comparing simulated runoff with
observed streamflow records

n Streamflow as an integrator of landscape
processes

n Increase our understanding of the strengths
and shortcomings of these models



Hydro-Climatic Data Network

n Slack & Landwehr,
1992

n USGS streamflow
records from 1874-
1988

n Relatively free of
anthropogenic
influences

n Mean, daily discharge
for 1,571 sites across
the continental U.S.

n Average station record
length of 48 years



Validation Watersheds



Terrestrial Ecosystem Models

n Biome-BGC (equilibrium biogeochemistry)

n Century (equilibrium biogeochemistry)

n GTEC (equilibrium biogeochemistry)

n LPJ (dynamic biogeography)

nMC1 (dynamic biogeography)

n TEM (equilibrium biogeochemistry)



Models’ Hydrologic Parameters

Model Time Step Soil Layers Evapotranspiration Snow Routine Baseflow

BBGC Daily One Penman-Monteith (1973) Yes No

Century Monthly Up to 10 Linacre (1977) Yes Yes

GTEC Daily 12 None No No

LPJ Daily Two Monteith (1995) Yes No

MC1 Monthly Up to 10 Linacre (1977) Yes Yes

TEM Monthly One Jensen-Haise (1963) Yes Yes



Statistical Analyses

n Pearson product-moment correlation
coefficient r using monthly runoff

n Kendall’s coefficient of rank correlation _
using average monthly runoff to gauge
differences in seasonal patterns

nMean absolute error (MAE)
n BIAS
n Nash-Sutcliffe coefficient of efficiency



Pearson Correlation Coefficient

OR NY MS WV MT IA-1 IA-2 AZ-3 NV AZ-2 SD TX AZ-1 mean
BBGC 0.92 0.74 0.88 0.84 0.37 0.67 0.70 0.65 0.40 0.54 0.72 0.53 0.46 0.65
CENT 0.94 0.74 0.87 0.85 0.45 0.60 0.61 0.66 0.47 0.56 0.68 0.55 0.52 0.65
GTEC 0.87 0.67 0.83 0.81 -0.08 0.49 0.44 0.45 0.17 0.43 0.64 0.50 0.40 0.51
LPJ 0.88 0.67 0.74 0.76 0.60 0.56 0.60 0.61 0.54 0.51 0.36 0.12 0.39 0.57
MC1 0.90 0.69 0.83 0.78 0.41 0.41 0.44 0.55 0.36 0.55 0.63 0.51 0.48 0.58
TEM 0.93 0.58 0.88 0.84 0.78 0.68 0.63 0.78 0.69 0.68 0.57 0.38 0.56 0.69

mean 0.91 0.68 0.84 0.81 0.42 0.57 0.57 0.62 0.44 0.55 0.60 0.43 0.47 0.61



Kendall’s Coefficient of Rank
Correlation

OR NY MS WV MT IA-1 IA-2 AZ-3 NV AZ-2 SD TX AZ-1 mean
BBGC 0.91 0.88 0.82 0.88 0.36 0.64 0.79 0.56 0.60 0.64 0.73 0.36 0.48 0.67
CENT 0.94 0.21 0.88 0.73 0.39 0.67 0.79 0.39 0.48 0.24 0.70 0.67 0.39 0.58
GTEC 0.82 0.70 0.64 0.64 -0.18 0.15 0.49 0.15 0.23 -0.03 0.61 0.39 0.52 0.39
LPJ 0.85 0.82 0.60 0.58 0.45 0.15 0.09 0.60 0.61 0.59 0.24 -0.32 0.50 0.49
MC1 0.82 0.18 0.85 0.61 0.27 0.52 0.64 0.24 0.52 0.18 0.64 0.67 0.33 0.50
TEM 0.94 0.33 0.91 0.97 0.61 0.67 0.61 0.48 0.52 0.55 0.70 -0.21 0.24 0.59

mean 0.88 0.56 0.78 0.74 0.32 0.47 0.57 0.40 0.49 0.36 0.60 0.33 0.41 0.54



Error Analyses

nMAE & BIAS: wettest watersheds produced
largest errors

n BIAS estimator showed models
underestimated runoff in wet watersheds &
overestimated runoff in dry watersheds

n NS: largest errors in the driest watersheds

n GTEC produced the largest errors of the six
models – runoff overestimated



Metric Rankings by Watershed

Rank Rank Rank Annual
Watershed r ô NS MAE BIAS by NS by MAE by BIAS HCDN

OR 1 1 4 13 12 2 2 1 1
NY 4 6 3 12 13 4 9 10 2
MS 2 2 1 11 10 1 2 1 3
WV 3 3 2 10 11 3 4 5 4
MT 13 13 7 9 3 12 13 12 5
IA-1 7 8 5 8 5 6 10 6 6
IA-2 7 5 6 7 2 5 5 1 7
AZ-3 5 10 8 6 7 8 7 8 8
NV 11 7 9 3 4 9 7 8 9

AZ-2 9 11 12 5 8 10 11 11 10
SD 6 4 11 2 5 7 1 4 11
TX 12 12 10 4 8 13 12 13 12

AZ-1 10 9 13 1 1 10 6 6 13



Model Ranking

Model Pearson
r

Kendall's
ô

MAE BIAS NS Rank by
MAE

Rank by
BIAS

Rank
by NS

BBGC 2 1 3 5 4 2 3 2
CENT 2 3 2 1 3 3 2 3
GTEC 6 6 6 6 6 6 6 6
LPJ 5 5 4 3 2 5 5 4
MC1 4 4 5 4 5 4 4 5
TEM 1 2 1 2 1 1 1 1



Average Monthly Runoff



Average Monthly Runoff



Five-Year Moving Average of
Annual Runoff



Summary

n In comparing simulated runoff from 6 models to
observations we found that the largest differences
in performance occurred not among models, but
among watersheds.

n The models’ worst performance occurred in arid
and semi-arid areas; their best performance
occurred in wet regions.

n The models were able to qualitatively simulate
observed temporal patterns of annual runoff
though runoff quantity varied widely.

n TEM performed the best, GTEC the worst and the
equilibrium vegetation models outperformed the
DGVMs.
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Research Objectives – Part II

n Examine trends in components of the water
balance for 20th and 21st centuries under
climate change conditions

n Compare results of Hadley (HADCM2) and
CCC (CGCM1) scenarios

n Focus on four models: Biome-BGC,
Century, LPJ, and MC1

n How do changes in runoff and AET
compare to underlying changes in PPT?



Comparison Methods

n Baseline period defined as 1961-90

n Focus on two decadal windows
– 2025 to 2034

– 2090 to 2099

n How do variables during each decadal
window change relative to baseline period?



CCC Runoff Multipliers for 2025-34
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CCC Runoff Multipliers for 2090-99
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Hadley Runoff Multipliers for 2025-34
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Hadley Runoff Multipliers for 2090-99
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CCC AET Multipliers for 2025-34
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CCC AET Multipliers for 2090-99
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Hadley AET Multipliers for 2025-34
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Hadley AET Multipliers for 2090-99
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Spearman’s rank test coefficients for
runoff trend detection

NY MS WV IA-1 SD IA-2 TX AZ-1 AZ-2 AZ-3 NV MT OR

BGCC-C -0.16 -0.27 -0.48 0.23 0.12 0.13 0.15 0.62 0.27 0.45 0.68 -0.25 0.49

* **** **** *** 0.085 0.068 * **** **** **** **** *** ****

BGCC-H 0.29 0.23 0.23 0.42 0.18 0.33 0.15 0.44 0.49 0.52 0.47 -0.19 0.13

**** ** *** **** ** **** * **** **** **** **** ** 0.061

CENT-C -0.16 -0.42 -0.67 0.34 0.28 0.26 0.24 0.62 0.39 0.53 0.62 0.17 0.66

* **** **** **** **** *** *** **** **** **** **** * ****

CENT-H 0.59 0.29 0.41 0.57 0.22 0.49 0.30 0.43 0.35 0.42 0.37 0.22 0.39

**** **** **** **** ** **** **** **** **** **** **** ** ****

LPJ-C 0.25 -0.19 -0.23 0.76 0.14 0.69 0.35 0.57 0.42 0.58 0.65 0.61 0.69

*** ** *** **** * **** **** **** **** **** **** **** ****

LPJ-H 0.70 0.45 0.68 0.79 0.20 0.74 0.23 0.43 0.41 0.45 0.46 0.55 0.45

**** **** **** **** ** **** *** **** **** **** **** **** ****

MC1-C -0.26 -0.32 -0.69 0.40 0.13 0.35 0.23 0.62 0.32 0.48 0.54 0.04 0.63

*** **** **** **** 0.056 **** *** **** **** **** **** 0.57 ****

MC1-H 0.43 0.34 0.29 0.51 0.40 0.45 0.29 0.44 0.25 0.35 0.23 0.070 0.34

**** **** **** **** **** **** **** **** *** **** ** 0.314 ****



Spearman’s rank test coefficients for
AET trend detection

NY MS WV IA-1 SD IA-2 TX AZ-1 AZ-2 AZ-3 NV MT

BGCC-C 0.18 -0.16 -0.24 0.81 0.42 0.82 0.24 0.70 0.54 0.63 0.74 0.64

** * *** **** **** **** *** **** **** **** **** ****

BGCC-H 0.57 0.47 0.50 0.68 0.37 0.55 0.34 0.42 -0.13 -0.22 0.57 0.53

**** **** **** **** **** **** **** **** 0.06 ** **** ****

CENT-C 0.39 0.08 0.29 0.55 0.40 0.49 0.20 0.69 0.56 0.65 0.74 0.60

**** 0.28 **** **** **** **** ** **** **** **** **** ****

CENT-H -0.08 0.51 0.34 0.21 0.38 0.36 0.25 0.41 -0.08 -0.06 0.58 0.36

0.24 **** **** ** **** **** *** **** 0.28 0.43 **** ****

LPJ-C -0.27 -0.18 -0.43 -0.43 0.39 -0.07 0.21 0.69 0.52 0.60 0.73 0.13

**** *** **** **** **** 0.32 ** **** **** **** **** 0.06

LPJ-H -0.39 0.16 -0.40 -0.52 0.35 -0.19 0.26 0.45 -0.05 -0.02 0.54 -0.12

**** * **** **** **** ** *** **** 0.48 0.75 **** 0.10

MC1-C 0.41 -0.03 0.24 0.47 0.41 0.43 0.17 0.69 0.58 0.67 0.77 0.62

**** 0.64 *** **** **** **** * **** **** **** **** ****

MC1-H 0.42 0.50 0.59 0.53 0.41 0.49 0.23 0.38 -0.12 -0.09 0.63 0.43

**** **** **** **** **** **** *** **** 0.08 0.20 **** ****



Runoff Ratios
CCC Hadley 1951-1988

BBGC Century LPJ MC1 BBGC Century LPJ MC1 Observed

Watershed Decade % runoff % runoff % runoff % runoff % runoff % runoff % runoff % runoff % runoff

OR 1961-90 34 55 57 64 34 55 57 64 55

2025-34 33 59 63 65 32 58 58 65

2090-99 35 65 71 70 31 60 58 66

NY 1961-90 11 30 26 41 11 30 26 41 54

2025-34 8 29 22 39 11 35 30 42

2090-99 9 25 44 34 12 41 36 47

MS 1961-90 20 31 23 41 20 31 23 41 34

2025-34 11 14 5 27 20 29 26 39

2090-99 12 15 15 30 20 36 39 44

WV 1961-90 21 32 21 41 21 32 21 41 46

2025-34 15 20 14 30 20 33 30 41

2090-99 10 16 20 26 23 40 43 44

MT 1961-90 20 31 26 46 20 31 26 46 32

2025-34 16 28 28 42 18 33 33 47

2090-99 14 33 35 40 14 33 34 42

IA-1 1961-90 19 18 16 24 19 18 16 24 22

2025-34 18 20 24 25 21 21 29 26

2090-99 28 29 46 30 29 34 44 32



CCC Hadley 1951-1988

BBGC Century LPJ MC1 BBGC Century LPJ MC1 Observed

Watershed Decade % runoff % runoff % runoff % runoff % runoff % runoff % runoff % runoff % runoff

IA-2 1961-90 17 12 12 21 17 12 12 21 16

2025-34 15 11 15 21 18 13 18 22

2090-99 28 19 36 27 27 24 22 26

AZ-3 1961-90 11 14 7 25 11 14 7 25 12

2025-34 10 15 9 26 17 21 12 31

2090-99 21 26 23 35 34 31 23 40

SD 1961-90 3 6 1 14 3 6 1 14 4

2025-34 1 5 0 12 2 6 1 14

2090-99 3 7 3 15 2 5 4 12

NV 1961-90 2 9 6 16 2 9 6 16 8

2025-34 3 9 7 15 3 8 6 14

2090-99 8 20 19 23 6 11 15 15

AZ-2 1961-90 5 10 3 22 5 10 3 22 5

2025-34 4 10 3 21 10 16 8 27

2090-99 6 12 6 22 19 21 13 32

TX 1961-90 13 9 0 20 13 9 0 20 2

2025-34 12 9 0 20 13 10 0 20

2090-99 14 12 4 23 16 15 8 25

AZ-1 1961-90 6 6 3 9 6 6 3 9 5

2025-34 6 6 2 11 2 2 0 4

2090-99 21 25 20 28 10 10 5 15



Summary

n Hadley & CCC projected increases in PPT
during 2025-34 and 2090-99 compared to a
baseline period of 1961-90.

n Runoff trends were significantly positive in
the majority of cases, though a small
number were significantly negative.

n Similar results were detected for AET.



Summary cont’d

n Percentage changes in runoff tended to exceed the
underlying changes in PPT, and this response rate
increased over time.

n Increases in runoff occurred more frequently
under Hadley than CCC, even though PPT
increases were larger under CCC.

n Water balance allocations to AET were greater
under CCC; runoff allocations were greater under
Hadley.

n Increased runoff may reflect gains in WUE.
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From Bachelet et al. in press
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Figure 1. County map of Oregon.  Focus
watershed coincides with Douglas County.



Figure 2. NALC images of Oregon watershed. Left is a mosaic from 1972 and
1974.  Right is from 1992.



Figure 4. Classified NALC imagery. 1972/4 mosaic on left and 1992 on right.



Figure 5. Change detection between 1972/4 and 1992 classified
maps.


